The Uyghur (UIG) population, settled in Xinjiang, China, is a population presenting a typical admixture of Eastern and Western anthropometric traits. We dissected its genomic structure at population level, individual level, and chromosome level by using 20,177 SNPs spanning nearly the entire chromosome 21. Our results showed that UIG was formed by two-way admixture, with 60% European ancestry and 40% East Asian ancestry. Overall linkage disequilibrium (LD) in UIG was similar to that in its parental populations represented in East Asia and Europe with regard to common alleles, and UIG manifested elevation of LD only within 500 kb and at a level of 0.1 < r 2 < 0.8 when ancestry-informative markers (AIMs) were used. 
Introduction
Xinjiang, China has been a contact zone of the peoples from Central Asia and East Asia. In particular, the presence of a Tocharian (an extinct Indo-European language)-speaking population during the first millennium, the discovery of mummies with European features dating from 3,000-4,000 YBP (Years Before Present), and the existence of West Eurasian mitochondrial-DNA lineages clearly indicate the influence of populations of European descent in this region, and the signature of admixture between East Asians and those of European descent is also evident. [1] [2] [3] [4] [5] [6] [7] [8] A full analysis of genetic structure of the admixed populations in this region would shed light on the understanding of human migratory history and the admixture of East Asians and those of European descent. Because many human populations settled at Central Asia, which has been a complex assembly of peoples, cultures, and habitats, 9 The Uyghur population in Xinjiang demonstrates an array of mixed anthropological features of Europeans and Asians. 10 We are interested in both its admixture history and its potential for gene mapping. Admixture of populations often leads to an extended linkage disequilibrium (LD), which could greatly facilitate the mapping of human disease genes. [11] [12] [13] [14] Gene mapping by admixture linkage disequilibrium (MALD) has been shown to be of special value theoretically 11, [15] [16] [17] [18] [19] [20] [21] [22] and empirically. 1, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] However, typical admixture populations used for MALD often involve those formed by recent admixture between groups originating on different continents as a result of European maritime expansion during the past few hundred years. These include populations formed by two-way and three-way admixture between Europeans, West Africans, and Native Americans in the Americas, as well as populations formed by two-way admixture of Europeans with indigenous populations in Australia, the Pacific Islands, and Polar Regions. 12 Because the admixture events happened a few hundred years ago, parental populations and the admixture histories of the aforementioned populations are relatively clear; it is easy to obtain the panels of markers informative for ancestry. 28, 34, 35, 37 Although Uyghur is a population presenting a typical admixture of Eastern and Western anthropological traits, its potential utility in MALD has been largely ignored because of its uncharacterized and suspected to be longer history of admixture as compared with other populations. It is more difficult to identify ancestry-informative markers (AIMs), and more such markers are required when admixture occurred beyond the time range which was considered ideal. 12 Concerning the Uyghur population, there are many questions that remain unanswered: 1) What are the ancestral origins of Uyghur? 2) Was Uyghur formed by two-way or three-way admixture? 3) How much ancestry did each parental population contribute to Uyghur respectively? 4) How long ago did the admixture occur? 5) What is the LD pattern and magnitude in Uyghur? 6) Is Uyghur amiable to MALD? In this study, we try to answer these questions by dissecting the genetic structure of an Uyghur population sample at population, individual, and chromosome level by using a panel of high-density SNP markers on chromosome 21.
Subjects and Methods

Populations and Samples
Forty Uyghur samples were collected at Hetian of Xinjiang in China, where the Uyghur population was thought to be less affected by the recent migration of Han Chinese than are Uyghur populations in Northern Xinjiang. Genotype data of 60 CEU (Utah residents with ancestry from northern and western Europe) parents, 60 YRI (Yoruba in Ibadan, Nigeria) parents, 45 CHB (Han Chinese in Beijing) and 45 JPT (Japanese in Tokyo) were obtained from the database of the International HapMap Project.
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Markers and their Positions
A set of 26,112 SNPs on chromosome 21 was genotyped in 40 Uyghur. Illumina Beadlab technology was used in genotyping, and the method and the data of genotyping were previously described elsewhere. 41 We used a method-of-moments approach, implemented in PLINK, to estimate the probability of sharing 0, 1, or 2 alleles identical-bydescent (IBD) for any two individuals from the same homogeneous and random-mating population. Unbiased estimates of F ST were calculated following Weir and Hill. 45 
Marker-Information Content for Ancestry
Four measurements were used in this study to calculate markerinformation content for ancestry: allele-frequency difference (d), 46 Wahlund's f, 47 Rosenberg's I n , 48 and F ST . 45 F ST is a measurement that considers the variation of sample size; given that the sample sizes of CHB (45) and CEU (60) are different, we used F ST as the primary measurement for marker information in this study. Although these measures are highly correlated, as shown in Figure S1 (available online), we calculated and showed information of all the measures so that our results are comparable for other studies. The distribution of marker information of 20,177 SNPs, according to the above measures, is shown in Figure S2 
Select Ancestry-Informative Markers
SNPs that have large allele-frequency differences between CHB and CEU were selected as ancestry-informative markers (AIMs). One threshold proposed for declaring a SNP to be highly informative for ancestry inference is d ¼ 0. Figure S3 . We examined these ''F ST block'' regions and found that they were actually haplotype blocks in both CHB and CEU and contained very few haplotypes; therefore, markers within these ''F ST blocks'' would provide redundant information if they were all included. Furthermore, for STRUCTURE analysis, the program was not designed to model the LD that occurs between nearby markers (so called ''background LD'') within populations (i.e., the model is best suited for data on markers that are linked, but not so tightly linked). 49 
Haplotype Inference
The linkage-disequilibrium analyses in this study were based on haplotypes generated from data with PHASE 2.1 software.
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PHASE implements a Bayesian statistical method for reconstructing haplotypes from population genotype data, which has been shown to be superior to the EM algorithm for haplotype reconstruction at the individual level. 50 PHASE was run with the recombination model, 10,000 iterations, 100 thinning interval, and 10,000 burn-ins. The other parameters were set as the defaults. Overall, 20,177 SNPs were broken into segments of 40 SNPs, with 20 overlapping SNPs between each two consecutive sections. Haplotypes were inferred by PHASE from each segment independently. Finally, the two haplotypes of each individual were reconstructed by combining all haplotypes segment by segment according to the inferred haplotypes of the 20 overlapping sites between consecutive sections. When the overlapping SNPs were inconsistent, we arbitrarily kept the results of the former segment.
The individual haplotypes for the panel of 602 AIMs that were informative for ancestry were reinferred, independent of the results of the 20,177 SNPs.
STRUCTURE Analysis
For analyzing the ancestry of Uyghur, the program STRUC-TURE 49,51 was used. STRUCTURE implements a model-based clustering method for inferring population structure with genotype data. However, the model implemented in the program is best suited to data on markers that are linked, but not so tightly linked; therefore, we screened the markers by controlling space between adjacent markers larger than at least 200 kb (averaging about 0.5 cM for chromosome 21). We obtained ten data sets (S1~S10) by random sampling markers with BMD > 500 kb. The basic statistics of the ten data sets are described in Table S1 . We used an admixture-model option and assumed that allele frequencies were correlated. The program was run with 100,000 iterations and 100,000 burn-ins. For the inference of ancestry origin of chromosomal segments, STRUCTURE was used. In version 2.2, the program implements a model that allows for ''admixture linkage disequilibrium,'' 49 which performs better than the original admixture model when using linked loci to study admixed populations. It achieves more accurate estimates of the ancestry vector and can extract more information from the data. In this model, STRUCTURE reports not only the overall ancestry for each individual but also the probability of origin of each allele. We selected a panel of 83 AIMs for estimating the ancestry of alleles (see ''Select Ancestry-Informative Markers'' section for details). The estimated haplotypes from the 40 UIG individuals were examined together with the phased data from the 60 CEU and 45 CHB subjects. We used distances between the markers determined by both genomic-sequence and recombination-based data (Rutgers combined linkage-physical maps) 43 as map distances. We used a linkage-model option and assumed that allele frequencies were correlated. The program was run with 1000,000 iterations, 1000,000 burn-ins, and 500,000 admixture burn-ins.
Measures of LD
Several statistics have been used to measure the LD between a pair of loci. 52 The two most common measures are the absolute value of D' (denoted by jD'j) and r 2 , both derived from Lewontin's D. 53 It was shown that in association studies, the sample size must be increased by roughly 1/r 2 when compared with the sample size for detection of association with the susceptibility locus itself. 54 to study LD. In addition, r 2 also shows much less inflation in small samples than does jD'j. 56, 57 In this study, we used r 2 to measure LD between two SNPs.
Results
Genetic Diversity and Relatedness of Individuals
Heterozygosity measures the genetic diversity within each population, and both expected heterozygosity (He) and observed heterozygosity (Ho) were calculated for each population by use of genotypes of 20,177 SNPs ( Table 1) . As expected, the East Asian populations (CHB and JPT) and the European population (CEU) show lower He and Ho than does the African population (YRI). However, UIG has even an higher He and Ho than does YRI. Distribution of minor-allele frequency (MAF) of 20,177 SNPs in five populations ( Figure S4 ) also showed that UIG has a higher proportion of common alleles (high MAF SNPs) than does YRI, a finding which is expected in admixture populations. Genetic difference between populations was estimated by (Table 2) . Notably, F ST between UIG and CEU (0.028) is much smaller than F ST between UIG and CHB (0.037). Within each population, we further estimated the chromosomal level of relatedness between all pairs of individuals, as measured by the probability of identical-by-descent (IBD). Table 3 shows the IBD-sharing probability of individuals within each population. CEU and JPT have the highest average IBD (0.035), and UIG has the lowest average IBD (0.026). Both higher heterozygosity and lower IBD suggested the presence of substructure in UIG genomes and different origins of chromosomal segments.
Principal-Coordinate Analysis of Individuals
Principal-coordinate analysis (PCO) provides a useful means of revealing relationships among individuals. Figure 2 is a two-dimensional plot displaying the first two PCO axes for all individuals, with allele-sharing distance (ASD) used for all pairwise combinations of individuals. Individuals from one population cluster tightly, to the exclusion of individuals from other populations. The first two axes together explain 25.8 % of the total variation, and each of the remaining axes explains less than 1.5 % of the total variation. The first PCO axis shows a separation of the African and non-African populations and explains 17.57 % of the total variation; the second PCO axis explains 8.27 % of the total variation and shows a separation of the European and East Asian populations, with UIG individuals lying between them. This is also an expected result of UIG as an admixed population.
STRUCTURE Analysis and Estimation of Admixture Proportion of Individuals Evidence of Two-Way Admixture
Given the large number of markers in our dataset, genetic analyses can be performed at the level of individual, making no presumption of group membership. We applied a model-based clustering algorithm, implemented by the computer program STRUCTURE, to infer the genetic ancestry of individuals. Our approach is solely based on genotype, without incorporation of any information on sampling location or population affiliation of each individual. For each data set of which markers were randomly selected by controlling BMD > 200 kb, we ran STRUCTURE from K ¼ 2 to K ¼ 6. Ten repeats were done for each K and each data set. According to the distribution of Ln(Pr), as shown in Figure 3 , the most probable and appropriate number of clusters should be three in our dataset. The three clusters correspond to African, European, and Asian populations. 
between populations, the middle plot shows admixture proportion at population level, and the right plot shows the admixture level at individual level. The middle plots in Figure 4 are the average results of ten data sets at K ¼ 3 (there were some variations of the estimations of admixture proportion of UIG, as shown in Figures S5 and S6 ; each cluster depicted by one color corresponds to an ethnic group). The results showed that individuals from the same population often shared membership coefficients in the inferred cluster, with UIG individuals displaying strong admixture of both European and Asian clusters. The admixture proportion of populations are shown in Table 4 . The UIG population has average of 56.2% of admixture from European ancestry and 41.7% of admixture from East Asian ancestry, and the other populations were dominated by single East Asian, European, or African cluster. Notably, the distribution of admixture proportions among UIG individuals is relatively even, with 48.7% the lowest admixture from European ancestry and the highest 62.2%. The standard deviation is only 3.8%, which is much smaller than the estimation for the African-American (AfA) population, 58 suggesting a much longer history of admixture events for the Uyghur population compared with the AfA population.
Admixture Proportion and Time of Admixture
The STRUCTURE results from random markers showed that UIG was an admixed population with contributions from both European and East Asian ancestries. We thus selected AIMs according to allele frequency of CHB and CEU for further estimation of the admixture proportion of UIG. Table 5 shows the admixture proportions estimated from 83 AIMs. The UIG population has 60% of admixture from European ancestry and 40% of admixture from East Asian ancestry. Individual admixture proportion was estimated for each UIG individual, and Figure 5 shows the distribution of admixture proportions of UIG individuals. With the assumption that East Asian and European populations were the only two parental populations, STRUC-TURE provided the probability of an allele being derived from either the East Asian cluster or the European cluster. The natural logarithms of the probability ratio (LnPR) that an allele was derived from the East Asian cluster over the European cluster were estimated, and the results are depicted in Figure 7 . The results provide information on the ancestry of the chromosome segments for each individual (see Supplemental Data for details). As expected, the UIG haplotypes showed contributions from both parental populations (Figure 7) . The contribution from European ancestry was greater than that from East Asian ancestry in UIG. The mean contributions of ancestry were 60% (minimum 40.3% and maximum 84.3%) from European ancestry and 40% (minimum 15.7% and maximum 59.7%) from East Asian ancestry. Some segments existed for which ancestry was uncertain (shown in gray in Figure 7) , because it is difficult to precisely define the length of the segments in UIG derived from each population sample. Notably, most ambiguous segments were distributed in the region with few or even no AIMs (AIM ''deserts''). The cumulative frequencies of segment sizes that were derived from East Asian ancestry and from European ancestry are shown in Figure S7 . The first quartile of segment size with East Asian ancestry was 0.55 cM, the second quartile was 1.68 cM, and the third quartile was 3.24 cM. For chromosomal segments with European ancestry, the first quartile of segment size was 0.83 cM, the second quartile was 3.14 cM, and the third quartile was 5.09 cM. The average sizes of chromosomal segments that were derived from East Asian ancestry and European ancestry were 2.43 cM and 4.07 cM, respectively.
Overall LD in Uyghur and its Parental Populations
The extent of LD was examined across Chromosome 21 in UIG, Han Chinese (CHB), and European (CEU) samples for markers with minor-allele frequency (MAF) R 0.05 (Figure 8a ; Tables S2 and S3) pairs with LD at different levels of r 2 (<0.1, R0.1, R0.2, R1/3, R0.5, R0.8) were plotted against between-marker distance (denoted as BMD hereafter). Interestingly, the admixed population UIG did not show stronger LD than did CHB and CEU. In fact, for both groups of SNPs, UIG showed weaker LD at each level of r 2 R 0.2. For example, when r 2 R 0.8 for common alleles and BMD % 300kb, the proportion of marker pairs in UIG was only 68% of CHB and 75% of CEU. Furthermore, the extent of LD in marker pairs of UIG is very similar to that of CHB and CEU; i.e., LD levels of r 2 R 0.2 extend no more than 300 kb in all three populations, and strong LD levels (r 2 R 0.8) extend less than 100 kb.
Magnitude and Extension of LD in UIG with AIMs
Previous studies reported that extended LD in admixed populations such as AfA was concealed by unselected markers and that increased LD in AfA was correlated with increasing allele-frequency differences between the markers of Europeans and Africans. 59, 60 We showed in a recent study that LD in an admixed population correlates with allele-frequency difference between parental populations, 58 which can be measured by F ST .
We selected 602 SNPs with large F ST (mean F ST ¼ 0.48, mean d ¼ 0.52) between CHB and CEU as AIMs and compared the magnitude and extension of LD in all three populations by using these AIMs. We calculated r 2 for each of the marker pairs (a total of 180,901 pairs) by using the haplotypes inferred by the PHASE program. To investigate the extension of LD, we compared the distributions of r in 180,901 marker pairs in three populations. The LD in UIG extends a little further than do those in CHB and CEU, especially when 0.2 > r 2 R 0.1 ( Figure 9 ; Tables S6 and S7 ). For example, in UIG, LD extends to 2,000 kb at a level of r 2 R 0.1 (corresponding to Kruglyak's useful LD 54 ). In contrast, LD at a level of r 2 R 0.1 extends to no more than 300 kb in both CHB and CEU samples. However, the proportion of marker pairs with higher LD, as high as r 2 R 0.8 in UIG, is even smaller than that of CEU ( Figure 9 and Table S7 ). In fact, at a level of r 2 R 0.8 and within 200 kb, the proportion of marker pairs in UIG only slightly exceeds that of CHB (1.12-fold) and is even smaller than that of CEU (0.69-fold). At the other r 2 levels, the proportion of marker pairs in UIG is, on average, larger than that of CHB and CEU. For example, at a level of r 2 R 0.5, the proportion of marker pairs in UIG is 2.18-fold of that in CHB and 1.04-fold of that in CEU; at a level of r 2 R 1/3 (the Ardlie's useful LD, 56 ), the proportion of marker pairs in UIG is 2.63-fold of that in CHB and 2.09-fold of that in CEU; at a level of r 2 R 0.2, the proportion of marker pairs in UIG is 1.33-fold of that in CHB and 3.26-fold of that in CEU; and at a level of r 2 R 0.1, the proportion of marker pairs in UIG is 2.65-fold of that in CHB and 5.38-fold of that in CEU. Therefore, when AIMs were used, elevated LDs in UIG were mostly observed in the range of 0.1 % r 2 < 0.8 and at BMD < 2,000 kb.
Discussion
In this report, we dissected the genetic structure of a Uyghur population sample at population, individual, and chromosome level by using 20,177 markers densely distributed across the entire chromosome 21.
At population level, STRUCTURE analysis showed that UIG was a typical two-way admixed population with ancestries contributed from both East Asian and European origins. In this study, we included only population samples from three continental groups; i.e., African, European, and East Asian population samples. We did not test the other possible sources of UIG's ancestral origin, such as SouthAsian and Southeast Asian ancestries. However, because STRUCTURE posterior probabilities strongly supported two-way admixture, it is unlikely that there was a third parental population of UIG with genetic components that are substantially different from those of European or East Asian ancestry. The admixture proportion was estimated as 60% from European ancestry and 40% from East Asian ancestry; thus, European ancestry contributed slightly more to Uyghur genomes than did East Asian ancestry. This result is consistent with pairwise F ST between populations estimated from entire markers: average F ST between UIG and CEU was 0.028, which is much smaller than F ST between UIG and CHB (0.037). The Uyghur samples used in this study were collected in Hetian, which is located in Southern Xinjiang, where the Uyghur population was thought to be less affected by the recent migration of Han Chinese than are Uyghur populations in Northern Xinjiang. Therefore, our estimation in this study is expected to be different from that of some previous studies on UIG samples collected in northern Xinjiang, 2, 8 where more interaction occurred between Han Chinese and Uyghur; for example, the estimation of European admixture proportions in some previous studies on UIG samples collected in northern Xinjiang was 30%. In addition, previous studies investigated only very few loci or even just a single locus. 1, 2, 7, 8 However, this discrepancy in admixture estimation should not significantly alter the mapping strategy.
At the individual level, the proportion of East Asian ancestry in UIG individuals ranges from 15.7% to 59.7%, and the proportion of European ancestry in UIG individuals ranges from 40.3% to 84.3%. The distribution of admixture proportions among UIG individuals is relatively even, and the variation is much smaller than the estimation of variation in the AfA population. 58 It is unlikely that such results were due to sampling of closely related individuals, because the IBD values within UIG samples were the lowest in all populations (CHB, JPT, CEU, YRI) (Table 3 ). Furthermore, the ancestry variation among individuals could even be overestimated, given that the result was based on the data of one single chromosome. This result suggests a much longer history of admixture events for the Uyghur population compared with the AfA population, because recombination over many generations has interwoven chromosome segments derived from both ancestries and drift of ancestries among individuals has become very small. At the chromosomal level, we inferred the ancestral origins of UIG chromosome segments: the average size of chromosome segments that were derived from East Asian and European populations were 2.4 cM and 4.1 cM, respectively. The estimated recombination rate was about 1.07-1.46 breakpoints per cM. Under the assumption of a hybrid-isolation (HI) model, the admixture event of UIG was estimated to have taken place about 107-146 generations, or 2140-2920 years ago assuming 20 years per generation. The word ''Uyghur'' (alternatively Uygur, Uigur, and Uighur) originates from the Old Turkish word ''Uygur.'' On the basis of its Old Turkish phonetics, the word ''Uygur'' was rendered differently in Chinese during different periods of China's history. The most ancient translation of the word ''Uygur'' in Chinese was ''Yuanhe,'' which appears in Weishu (History of the Wei Dynasty), which was compiled during the period of Northern Qi (550-577 AD). The ancestors of the Uyghur (Gaoche) can be traced to the Chidi and Dingling in the third century B.C. (See Sima Qian, 'Shiji' Vol. 110: Xiongnu). Therefore, the estimated admixture time could be concordant with the historical record. However, this result could be underestimated due to the assumption of a hybrid-isolation (HI) model. In this model, we assumed that Uyghur was formed by a single event of admixture during a short period of time, which might not be true of the real history of the Uyghur. Considering the geographical location where the Uyghur settled, continuous gene flow from populations of European and Asian descent was very likely. Because the time estimation in this study was based on the information of recombination or linkage disequilibrium (LD), which decays with time of generations, LD could have been maintained to some extent, and recombination information could have been diluted if there had been continuous gene flow; thus, the time of admixture could be underestimated. In addition, the time of admixture could Figure 9 . Comparison of the Proportion of Marker Pairs of Different r 2 Levels in UIG and its Parental Populations for 602 AIMs be underestimated because the distribution of the length of chromosome segments might be biased toward large segments due to the large spacing between markers and the uncertainty in the ancestry estimation of some alleles. Furthermore, switch errors are almost inevitable when haplotypes are inferred from genotype data of unrelated individuals. For the inferred haplotype data of 83 AIMs, we estimated the switch error rate as 1 per 22 SNPs in CEU, 1 per 25 SNPs in CHB, and 1 per 19 SNPs in UIG. In other words, on average there would be four potential phasing errors in CEU, three potential phasing errors in CHB, and four potential phasing errors in UIG. However, we think the switch errors have limited influence on the downstream analysis, i.e., the estimation of ancestral origin of chromosomal segments, because of the following reasons: (1) the recombination rate (breakpoints per cM) estimated from phased data is consistent with that estimated from unphased data; (2) considering the recombination rate, the frequency of breakpoints is much higher than that of switch errorsfor example, the breakpoint rate in UIG is estimated at an average of 1.26 per 1 cM, or 85 breaks per 67.4 cM, whereas the switch error in UIG is only about 4 per 67.4 cM; (3) for many AIMs, we observed several UIG individuals with both alleles derived from the same ancestry; i.e., the phase information is not so important for those markers and individuals. Regardless of the model of admixture, UIG showed much weaker LD compared with more recently admixed populations, such as the AfA population. 58 In fact, using all markers, we showed that LD in UIG is indeed similar to or even weaker than that of Han Chinese and European American samples. UIG manifests extended LD only when AIMs are used, but not when all SNPs are included-elevated LDs in UIG were mostly observed in the range of 0.1 % r 2 < 0.8 and at BMD < 2,000 kb. In contrast, LDs in AfA at this level (r 2 R 0.1) extended to more than 20,000 kb when AIMs were examined. 58 The average size of the UIG chromosome segments that were derived from East Asian and European ancestry were estimated as 2.4 cM and 4.1 cM, respectively, which were also much shorter than the average size of AfA chromosome segments that were derived from African and European ancestry (30.1 cM and 13.7 cM, respectively). 58 In spite of the long history and short LD of Uyghur as compared with more recently admixed populations such as the AfA population, the MALD strategy can be still feasible for some particular diseases. Basically, the following requirements need to be met for MALD: 14 First, MALDbased identification of disease genes requires a measurable difference in the frequency of disease-causing alleles between the parental populations. Second, admixture ideally needs to be at least two generations old to reduce the initial disequilibrium across chromosomes and between unlinked loci, whereas LD within chromosomes remains strong. 12, 18 For the Uyghur population, this is not a problem, as we showed above. Third, a set of markers that specifically differentiate chromosomes derived from the parental populations is needed. 28, 37 As we mentioned earlier in Subjects and Methods, in 20,177 SNPs on chromosome 21, for 5.1% of markers with d > 0.5, 5.7% of markers with I n > 0.2, 4.5% of markers with f > 0.3, and 5.4% of markers with F ST > 0.3, the average between marker distance is about 0.06 cM, which should be adequate for performing MALD in UIG. Fourth, a level of admixture that is greater than 10% (both ancestry contributions range from 10% 90%) is needed for MALD to be feasible. 22 As we estimated in this study, both parental populations contributed more than 40% to Uyghur's genomes. Finally, the extent of admixture LD will determine how many markers are needed for MALD. Recent admixture populations, such as the AfA population, have been estimated to require 2,000-3,000 markers, which is 200-500 times fewer than those that are required for whole-genome haplotype-based mapping. 18, 47, 61 Because the extended LD of the Uyghur population is about 10 percent of that of the AfA population, we estimated 10-fold markers; i.e., about 20,000-30,000 AIMs are needed for a whole-genome scan by MALD in the Uyghur population. This is still economically sensible compared with the current cost of whole-genome scans with 500,000 random markers. However, all the analyses and the results we presented are based on the analysis of a single chromosome; whether the conclusions can be generalized on a genome-wide level needs to be further studied.
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